We present a case of an incidentally discovered holohemispheric developmental venous anomaly (DVA) in a 12 year old, conclusively characterized by 3D T2* multi-echo sequence susceptibility weighted angiographic imaging (SWAN). For the evaluation of head trauma, abnormal right intraparenchymal and periventricular vascularity was identified by a non contrast head CT scan. Conventional MRI sequences revealed prominent veins with findings suspicious of a DVA. A definitive diagnosis was made by identifying angiographic features typical for DVA by augmented susceptibility weighted angiographic imaging. Using this sequence the entire hemispheric extent of the anomaly without complicating features was definitively characterized, negating the need for a catheter based angiographic study. A holohemispheric DVA in a child to our knowledge has not been previously described.
CASE REPORT
A 12 year old boy was kicked in the head at school and presented with a two day history of headache. His neurological examination was unremarkable. A non-enhanced CT (NECT) of the head showed an abnormal periventricular vascular lesion on the right cerebral hemisphere (Fig. 1) . Conventional multi sequence gadolinium enhanced MRI of the brain study poorly identified a DVA (Fig. 2, 3, 4 and 5) . Conventional time of flight MR angiography (MRA) and time resolved imaging of contrast kinetic (TRICKS) confirmed a vascular anomaly without differentiating an arteriovenous malformation (AVM) from a DVA (Fig. 6) . A T2* weighted multi echo 3D volumetric susceptibility angiographic sequence (SWAN, Optima 450w, General Electric, Milwaukee, WI, USA) revealed the pathognomonic caput medusae venous structure and recipient veins of a DVA involving the entire right cerebral hemisphere (Fig. 4) , definitively excluding other vascular malformations.
Developmental venous anomalies (DVAs) are low flow congenital brain vascular malformations that as the name describes are solely of venous origin. The anomaly drains normal brain tissue and has a distinctive imaging appearance, characterized by a linear branched configuration of veins, referred to as caput medusae. These veins converge into a dominant recipient vein that drains either into a dural sinus or ependymal veins with a varied transhemispheric brain parenchymal course [1] . They are the most common vascular brain malformation with an incidence of 2.6% of 4069 DISCUSSION CASE REPORT autopsies performed and occur most commonly in the frontal lobes [2, 3] . Holohemispheric DVAs are uncommon and to our knowledge only one other case report of such an anomaly, diagnosed by catheter angiography in an adult has been reported [4] .
Digital subtraction angiography (DSA) is the criterion standard for characterizing the micro and macro vascular structure as well as the hemodynamics of a DVA [2] . DVAs are visualized by CT and conventional MRI sequences. These non invasive methods are however limited in their ability to comprehensively determine the true extent and definitive angioarchitecture of the lesion for an accurate diagnosis. Conventional T2 spine echo sequences are sensitive to high flow vessels but are poor at defining low flow lesions. Gadolinium enhanced sequences opacify portions of the larger vessel components of a DVA and is acquired in relative thick sections. This limits a definitive diagnosis and may also miss small DVAs.
In the literature and by MRI machine manufacturers, the term susceptibility weighted imaging (SWI) has been used to describe varied phenomenon. Some authors have used this term to describe any sequences that allow for the detection of tissue related T2* signal susceptibility effect, such as conventional 2D T2* gradient recall echo (GRE) sequences. Susceptibility weighted imaging (SWI) has also been designated as a method by which the tissue related T2* susceptibility effect is enhanced by 3D velocity compensated gradient recalled echo sequences, using concomitantly acquired phase imaging information [5] .
Although conventional 2D T2* GRE sequences are sensitive for identifying small venous vessels with low flow, they are limited by slice thickness, poor signal to noise ration and an increased acquisition time that may be up to 8 minutes [2, 5] . SWI minimal intensity projection images provide high resolution images sensitive to T2* effect, inclusive of low venous flow as seen in DVA's. T2* weighted susceptibility angiography ( SWAN, Optima 450, General Electric, Milwaukee, WI, USA) is a unique 3D-gradient echo T2*-based multi-echo sequence with varied TE times within one TR time period that allows for imaging of tissues with varying degrees of T2* contrast and is technically distinct from conventional 2D T2*GRE and SWI. A combined weighted average of all the echoes is collated by a specialized post-processing algorithm to obtain whole brain sub-millimeter-resolution 3D images [6] . The varied TE times reduces chemical shift artifact that contributes to image blurring on conventional 2D T2* GRE sequences. This also increases susceptibility signal and doubles the signal-to-noise ratio as compared to conventional 2D T2* GRE sequences. With this method large and particularly small venous structures containing deoxygenated hemoglobin as in a DVA are better characterized with greater spatial resolution for a more accurate imaging diagnosis. Although SWAN and SWI imaging are acquired differently and are vendor specific, their indications and image quality are similar.
The majority of DVAs found incidentally have a benign course [7] . The retrospective risk for hemorrhage is 0.22% per year and the prospective risk 0.68 % per year [1, 2] . They are symptomatic when spontaneous thrombosis of the draining vein with subsequent venous infarction or hemorrhage occurs. A review of symptomatic thrombosed DVA's by Ruiz et al identified venous infarction in 53%, parenchymal hemorrhage in 37%, subarachnoid hemorrhage in 5% and no lesions in 5% of 21 patients [1]. DVA's may be additionally symptomatic if associated with other vascular malformation, most commonly cavernous malformations (CMs), which are found in 13 to 40% of the cases [2] . Parenchymal bleeds from these malformations are considered to account for the majority of symptomatic DVAs.
Varied arterialization associated with DVAs is referred to as atypical types and occur very rarely [1, 2] . In particular, SWI may also be helpful in identifying high flow within arterialized vessels and has been quoted as being 100% sensitive and 96% specific for arteriovenous shunts [9] . This has not been documented for SWAN imaging in the literature. Arteriovenous shunting may also be identified by time resolved imaging of contrast kinetics (TRICKS) and is a key factor in differentiating DVA's from AVM's. MRI sequences that allow for detection of paramagnetic substances allows for identification of CMs associated with DVAs [8] . The presence of clinical symptoms, CM, hemorrhage, and arterialization with and without an AVM nidus requires further diagnostic imaging with DSA [1]. Improved characterization of DVAs by SWAN and SWI imaging could allow for differentiation between typical and types associated with CMs and arterialization.
The current understanding of DVAs is based primarily on adult studies. There are no published studies for the evaluation DVAs in the pediatric population [2] . The type and frequency of associated features in the pediatric population may be different [2] . Vigilance for accurate diagnosis of DVAs using advanced MRI techniques and to additionally evaluate for associated features are important considerations for both the radiologist and clinician in the work up and management of such conditions in the pediatric population.
Holohemispheric DVAs in the pediatric population are rarely diagnosed, although the entity is the most common brain vascular anomaly. Susceptibility weighted angiography (SWAN) is a unique T2 star weighted sequence that definitively characterizes the angioarchitecture and associated features of a DVA for an accurate imaging diagnosis. Acquiring this or similar type of sequences such as SWI may negate the need for catheter based angiography if no atypical features of a DVA are identified. 
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